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produces a fulminating meningoencephalitis with a mortality
rate approaching 70%, as documented in the context of labo-
ratory medicine. [20].
Avoiding or minimizing contact with dogs and monkeys is
advisable. In particular, travellers should be speciﬁcally
warned not to feed monkeys because this is the most com-
mon activity that leads to injuries [19]. If potential exposure
occurs, immediate washing of the injury with soap and water
for 15 min, and then disinfection with antiseptic, is strongly
recommended as a ﬁrst-aid measure before attending for
medical care.
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Abstract
We report a microbiological process for the documentation of
prosthetic joint infection (PJI). Intraoperative periprosthetic tis-
sue samples from 92 consecutive patients undergoing revision
surgery for PJI were submitted to mechanized beadmill process-
ing: specimens were aseptically collected in polypropylene vials,
ﬁlled with sterile water and glass beads and submitted to mech-
anized agitation with a beadmill. The documentation rate of
PJI following culture on solid and liquid media was 83.7% and
the contamination rate 8.7%. Final documentation was obtained
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after overnight culture for 51.9% of cases and with 7 days of
broth culture for all documented cases.
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Bone and joint infections comprise a diverse set of diseases
that share common microbiological diagnostic procedures,
and raise identical issues, including resuscitation of non-
replicative bacteria, dissociation of bacteria from bioﬁlm and
processing of solid tissues or recovered implanted devices.
Prosthetic joint infection (PJI) is the best studied bone and
joint infection, with a large set of data available in the
literature [1–7].
Several paths of investigation have been used to try and
improve the microbiological documentation rate in PJI,
including PCR [7–9], ultrasonication of the removed pros-
thetic implants [5,8,10–12] or extensively prolonged broth
incubation of periprosthetic tissue samples [6]. We have
developed a semi-automated mechanized disruption tech-
nique for solid tissue samples to improve microbiological
documentation in a population of clinically deﬁned PJI cases:
samples are submitted to a beadmill and the suspension
obtained seeded on solid and liquid media.
We retrospectively included in this pilot study 92 consec-
utive patients admitted to a regional reference centre for
complicated PJI revision surgery between 1 October 2003
and 31 December 2006. The inclusion criterion was a pre-
operative diagnosis achieved by a multidisciplinary review
board of experts. Diagnosis was based on (i) gross intra-
operative purulence, or (ii) microbiological documentation
with growth of the same microorganism in at least two cul-
ture samples or (iii) presence of a sinus tract. Multiple sam-
ples were collected intraoperatively in sterile doubly
wrapped 30 mL vials in the course of debridement and sent
for microbiological analysis and culture within 2 h. The 495
samples collected were opened and processed with gloved
hands in a class 2 microbiological safety cabinet. All samples
from the same surgical procedure were processed indepen-
dently. Twenty millilitres of sterile demineralized water and
5 mL of 1 mm-diameter glass beads were added to the vial
prior to agitation (210 s at 30 Hz) on a Retsch MM301
beadmill (Verder, Eragny/Oise, France). The beadmilled sus-
pension was used to seed solid and liquid media: Columbia
with 5% Sheep blood (COS) agar plates for 24–48 h of
incubation in aerobic and anaerobic atmospheres; COS and
chocolate agar plates for 5 days under anaerobic and 5%
CO2 atmospheres, respectively; brain heart infusion (BHI)
broth and Rosenow broth with cysteine for anaerobic
enrichment. The BHI broth tube was subcultured on solid
media if clouded within 48 h and otherwise discarded. In
the latter case, the Rosenow broth was subcultured on
aerobic and anaerobic COS agar plates and chocolate agar
plates under 5% CO2 after 7 days and after 14 days if nega-
tive. All incubations where performed at 36 ± 1C. Isolates
recovered from all samples were identiﬁed according to
standard laboratory procedures: staphylococci were identi-
ﬁed using latex agglutination and rabbit plasma coagulation.
Relevant coagulase-negative staphylococci were further
identiﬁed to species level using partial sodA sequencing as
previously described [13]. The Lanceﬁeld group of b-haemo-
lytic streptococci was determined with Slidex Strepto plus
(bioMerieux, Marcy l’Etoile, France) and further identiﬁed to
species level using partial sodA sequencing [14] when rele-
vant. Other bacteria were identiﬁed using the API biochemi-
cal identiﬁcation system (bioMe´rieux) and ambiguous results
were resolved using partial 16S DNA sequencing [15]. Sus-
ceptibility to antibiotics was determined using disk diffusion
read with a Sirscan 2000 [16] according to the CA-SFM
recommendations [17]. Isolates recovered twice or more
were considered clinically signiﬁcant. If multiple isolates
were each recovered from two or more samples, the infec-
tion was considered polymicrobial and all isolates meeting
these criteria considered clinically signiﬁcant. Isolates recov-
ered from a single sample from a given surgical procedure
were categorized as contaminants and not considered
causative agents. The contamination rate is deﬁned as the
percentage of undocumented PJI cases yielding solely unique
isolates (contaminants).
Review of the 495 sample cultures showed growth on
solid media after 48 h culture in 47.7% (236) of samples, and
after 5 days in 49.3% (244). Forty-eight hours subculture of
BHI was positive in 68.3% (338) of samples and ﬁnal culture
was positive in 79.2% (392). Five days of anaerobic COS agar
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incubation allowed the isolation of Gram-positive anaerobic
bacteria that failed to grow in broth in seven samples (1.4%).
Analysis of the data by PJI cases (Table 1) shows that 77/
92 cases were documented using this procedure. Of these
77, documentation was obtained within 48 h using COS
agar culture only in 49 cases. Broth enrichment was
required in 24 cases (13 early BHI and 11 late Rosenow
broth). Two cases of Gram-positive anaerobe infection
were diagnosed solely on 5 days COS agar but not with
enrichment broths. To our knowledge, the beadmill process
provides both the highest documentation rate (DR; 83.7%)
and the lowest contamination rate (CR; 8.7%) recently
reported in PJI patient series with periprosthetic tissue cul-
ture: 60.7% DR/12.9% CR [5], 64.9% DR/10.8% CR [8],
83.6% DR/22.9% CR [6]. The sonication of removed
implants provides a documentation rate that is comparable
to the beadmill process [5] but is only applicable to
implant-related infections, and is thus not suitable for the
diagnosis of other bone and joint infections such as septic
non-unions or the diagnosis of residual infection prior to
reimplantation in a two-stage revision surgery [18–21].
Like sonication ﬂuid [8], the beadmilled suspension can be
subjected to further analysis such as PCR for further
exploration of culture-negative PJI. The small contamination
rate can be attributed to the design of the process, which
involves only four sample handling steps (touching the sam-
ple with a swab, adding beads and water, distributing the
suspension and adding Rosenow broth) compared with the
cumbersome mincing or stomacher steps commonly applied
to solid samples in other studies.
For the 15 cases undocumented after 7 days enrichment,
incubation was extended to 14 days without improvement.
Possible explanations for this observation could relate to the
shortening of the lag phase following the osmotic stress of
the beadmill process [22] or to the enhanced release of
microorganisms from intracellular compartments by the
osmotic shock [23] and from intratissular foci by tissue
disruption.
The beadmill processing allowed the recovery of 95 signif-
icant microorganisms from 77 documented surgeries
(Table 2). One in ﬁve documented PJI cases involves Gram
TABLE 2. Identiﬁcation of the microorganisms recovered
for the 77 documented PJI cases
Identiﬁcation of signiﬁcant isolates
Staphylococci 52 67.5%
S. aureus 20 26.0%
S. capitis 4 5.2%
S. caprae 1 1.3%
S. epidermidis 23 29.9%
S. lugdunensis 1 1.3%
S. simulctns 1 1.3%
S. warnerii 2 2.6%
Streptococcaceae 14 18.2%
Enterococcus faecalis 6 7.8%
Streptococcus agalactiae 5 6.5%
Streptococcus equisimilis 1 1.3%
Streptococcus bovis 1 1.3%
Streptococcus sanguinis 1 1.3%
Gram-negative bacilli 16 20.8%
Pseudomonas aeruginosa 8 10.4%
Enterobacter cloacae 2 2.6%
Proteus mirabilis 2 2.6%
Escherichia coli 1 1.3%
Klebsiella oxytoca 1 1.3%
Morganella morganii 1 1.3%
Serratia marcescens 1 1.3%
Coryneforms 2 2.6%
Anaerobes 9 11.7%
Propionibacterium sp. 4 5.2%
Baderoides sp. 2 2.6%
Actinomyces europaeus 1 1.3%
Anaerococcus sp. 1 1.3%
Finegoldia magna 1 1.3%
Yeasts 2 2.6%
Candida albicans 2 2.6%
Ninety-ﬁve isolates obtained from 61 mono-microbial infections, 14 bi-microbial
infections (S. epidermidis and Corynebacterium amycolatum; Escherichia coli and
E. faecalis; Streptococcus agalactiae and Staphylococcus aureus (three cases); two
distinct isolates of S. epidermidis; S. aureus and S. epidermidis; E. faecalis and
Enterobacter cloacae; S. agalactiae and S. epidermidis; S. epidermidis and S. simulans;
S. epidermidis and P. aeruginosa; S. epidermidis and Candida albicans; P. aeruginosa
and C. albicans; Finegoldia magna and Actynomyces europaeus) and two tri-micro-
bial infections (E. faecalis, Bacteroides sp. (unnamed) and Anaerococcus (unnamed);
S. aureus, Morganella morganii and Proteus mirabilis). Percentages are calculated
relative to the number of documented PJI cases. The sum of percentages is
>100% because of polymicrobial infections. ‘Coryneforms’: Corynebacterium
amycolatum; anonymous aerobic Gram-positive rod clustering with corynebacte-
rium sp. by 16S DNA sequencing. Propionibacterium sp.: three P. acnes and one
P. avidum.Bacteroides sp.: one isolate of Bacteroides frragilis and one isolate featur-
ing 97% identity with different Bacteroides sequences. Anaerococcus sp.: isolate
featuring 96.8% identity with the type strain of Anaerococcus prevotii.
TABLE 1. Summary of patient description and microbiologi-
cal ﬁndings
Patient characteristics
Number of cases of PJl 92
Patient age 64.2
Location (hip/knee) 54/38
Sex ratio (M/F) 0.7 (38/54)
Number of samples 495
Mean number of samples per patient 5.34 (±1.4)
Microbiological ﬁndings n (%)
Microbiological documentation 77 (83.7)
Polymicrobial infections 16 (17.4)
Negative culture 7 (7.6)
Contaminant 8 (8.7)
Time and media securing the ﬁnal diagnosis
24 h COS agar 40 (51.9)
48 h COS agar 9 (11.7)
48 h BHI broth 13 (16.9)
5 days anaerobic COS agar 4 (5.2)
7 days Rosenow broth 11 (14.3)
Percentages for the microbiological ﬁndings section are calculated relative to
the 92 cases population. Percentages for the time and media section are calcu-
lated relative to the 77 documented cases population. The ‘Time and media
securing the ﬁnal diagnosis’ section reports the culture medium that allowed the
earliest microbiological documentation of the case (i.e. two samples positive
with identical microorganisms). For polymicrobial infections, the report states
the culture medium and time yielding the second isolate of the last infective
microorganism. Fourteen days Rosenow broth incubation results (all non-con-
tributive) are not reported in the table. Non-signiﬁcant isolates (i.e. contami-
nants) obtained from eight undocumented cases were: Propionibacterium acnes
(two cases); Finegoldia magna and Staphylococcus warnerii; unidentiﬁed coryneform
bacterium and coagulase negative Staphylococcus; Propionibacterium sp. and Entero-
coccus faecalis; coagulase negative Staphylococcus (three cases).
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negative bacteria, reﬂecting our recruitment of patients with
multiple previous surgeries and therapeutic attempts.
Of note, the two Candida albicans infections also involved
S. epidermidis or Pseudomonas aeruginosa, and two of the
seven anaerobe-related PJIs involved two signiﬁcant anaer-
obes (Finegoldia magna and Actinomyces europaeus, Bacteroides
sp. and Anaerococcus sp.).
In summary, the use of a beadmill is highly effective in the
microbiological documentation of PJI using multiple intra-
operative periprosthetic samples and can also be applied to
the microbiological analysis of any solid tissue sample regard-
less of the presence of implanted materials.
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